The regulation of the pulmonary capillary bed in normal and abnormal situations has been studied extensively in recent years by a variety of techniques. Those based on the carbon monoxide diffusing capacity have been particularly intriguing. Because exercise can produce greater increases in breath-holding diffusing capacity (DLCO) than can be obtained by other means (1) , the mechanism whereby this effect of exercise is accomplished has considerable importance, since it implies an enlargement of the effective pulmonary capillary bed (2) (3) (4) .
Previous studies have shown that increases in pulmonary blood flow alone do not increase DLco (1, 5, 6) . Theoretic considerations predict that Dr0o should be relatively independent of pulmonary capillary blood flow but quite sensitive to the instantaneous volume of blood exposed to the alveolar gas (7) . Increases in DLco during exercise are furthermore probably not dependent upon changes in ventilation (1, 8) or blood pH (1) . Procedures designed to transfer blood from the peripheral circulation to the lung and to increase pulmonary vascular pressures do increase DLCO somewhat (5, 9) , primarily by increasing pulmonary capillary blood volume. The present study was designed to examine the role of venous pumping action of the legs in making more blood available to the pulmonary capillary bed and consequently contributing to the increase in DLCO observed during exercise and to the maintenance of pulmonary capillary volume in upright postures.
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The gas mixture used contained 0.5% CO, 1.0% neon, Tables (13) .
In three subjects, saphenous venous pressure was measured at the ankle during active and passive leg motion, with and without tourniquet occlusion of the leg. During both active and passive motion, the subject was seated with his feet on the pedals of a bicycle ergometer. The pedals were rotated through a circle of radius 17 cm at a frequency of 40 to 50 rpm. Active supine subjects (Table III) . As has been observed by others (11, 14, 15) , DLCo was higher in supine than upright subjects (Tables I and  III) . The change in Drco that occurs in the upright position during passive leg motion occurs within the first 10 seconds of activity, after which no further increase occurs (Table IV) . Oxygen consumption. Passive leg motion, whether supine, upright, or with occluding tourniquets on the legs, increases 02 consumption slightly (Tables I, II, and III crease in 02 consumption during passive motion was 53 + 50 ml per minute in the upright position and 44 + 30 ml per minute in the supine position. In the group in whom occluding tourniquets were used, 02 consumption increased 104 ± 53 ml per minute during passive motion before tourniquet application and 124 + 46 ml per minute during passive motion after tourniquet inflation (Table II) . The presence of the bulk of the tourniquets on the thighs in the latter group caused a certain degree of clumsiness during passive motion. This is reflected in the greater increase in 02 consumption during passive motion in this group.
Ventilation. Passive motion of the extremities increased minute ventilation from 8.37 + 1.24 to 13.92 + 8.08 L per minute (p = 0.05) before tourniquet inflation and from 8.70 ± 1.90 to 13.27 + 5.26 L per minute (p = 0.01) after tourniquet inflation. Tourniquet inflation did not affect the magnitude of the increase.
Saphenous venous pressure. In the three subjects in whom it was measured, pressure in a superficial leg vein was decreased abruptly with the onset of motion of the leg, whether active or passive (Table V and Figure 1 ). Whether leg motion was active or passive, saphenous venous pressure decreased within the first 2 seconds of the beginning of motion. This decrease in pressure was completely blocked by inflation of thigh tourniquets. Discussion It is well established that leg exercise in normal men pumps blood out of the superficial veins of the legs and decreases the pressure recorded from these veins for periods up to a minute following the exercise (16) (17) (18) (19) . This phenomenon is dependent upon the integrity of the system of valves in the veins of the extremity (17) (18) . Using a plethysmographic technique, Grill observed a decreased volume of exercising extremities early during the period of exercise (20) . In the present study saphenous vein pressure decreased during passive pumping motion of the lower extremities. This change did not occur when egress of blood from the leg was prevented by tourniquet occlusion.
The presence of a normal venous pumping mechanism is required for a normal cardiovascular response to postural change (21) (22) and to exercise (23) (24) . It seems established that the venous pumping of exercise does participate in the return of blood to the central circulation in upright exercise. We believe that the passive motion used in this study has a similar effect.
The normal dependent legs probably contain 300 to 800 ml more blood than the legs in a supine position (25) (26) . Sjdstrand has suggested that a large portion of this volume difference is transferred to the lungs when normal men change from an upright to a supine position (26 (27) . On the basis of these observations, it seems established that exercise in an upright position, or the change from upright to supine posture, increases the central pool available for pulmonary capillary filling.
The resting transmural pressures normally available in the low pressure pulmonary system may well be inadequate 'for filling and perfusing the capillaries of the upper zones of the upright lung (28) . Observations based on the use of radioactive gases have in fact shown relative underperfusion of the lung in normal men in an upright position (28) (29) . This upper zone underperfusion is not present during exercise or in a resting supine position (28, 30) . There is a similar gradient of carbon monoxide absorption (31) , and since carbon monoxide absorption is virtually independent of capillary blood flow, this suggests a gradient of pulmonary capillary blood volume. This does not imply that capillary filling and perfusion are totally independent phenomena, merely that once a capillary is filled as perfusion begins, CO uptake from that capillary is virtually independent of the rate of perfusion (7) .
In upright normal subjects, whose upper zone pulmonary capillaries are said to be poorly perfused, the present observations show that passive pumping motion of the legs increases DLCO, but such motion produces no change in supine subjects whose upper pulmonary capillaries are already well filled. Furthermore, DLCo is not increased during passive leg motion in an upright position if egress of blood from the legs is blocked by thigh cuffs.
The absolute magnitude of the increase in DLCO produced by passive motion is not greatly different from that produced by G-suit inflation (5, 9) , which increases central vascular pressures to levels much higher than would be expected with simple passive motion of the extremities. The evidence available suggests that the size of the effective pulmonary capillary bed is affected by shifts of blood to or from the thorax, but the limits of this passive effect have not been defined. Passive motion of the extremities might be expected to produce the effect observed by one of several mechanisms: 1) reflex effect on the systemic vascular reservoir; 2) local reflex effect on the pulmonary vascular bed; 3) moving blood lying stagnant in the dependent legs and containing some humoral substance to the lung, where it either enlarges the pulmonary vascular bed or alters the rate of reaction of carbon monoxide with hemoglobin; or 4) actively pumping blood from the legs to the central circulation by the venous pump.
Merritt and Weissler were unable to demonstrate any increase in venomotor tone in an isolated vein segment during passive exercise (32) . The present observation that the effect of passive motion can be blocked by occluding tourniquets further suggests that the effect on DLco is not reflex in origin. The maintenance of the increase in DLCO over a 3-minute period of passive motion suggests that it is not dependent upon the mobilization of some humoral agent liberated from "stagnant" blood pumped into the circulation from the legs, though the possibility cannot be excluded. Ross, Frayser, and Hickam were unable to find evidence for such a humoral agent released from ischemic legs even after 10 minutes of tourniquet ischemia (1) .
DrLco increases during the first 10 seconds of muscular exercise (33) . This study shows that this early change also occurs during passive motion of the legs and that the effect of passive motion on DLCO can be prevented by blocking egress of blood from the legs. It seems most plausible that this early rise in DLCO during exercise or passive motion is related to the observations reported by Guyton, Douglas, Langston, and Richardson (34) . They showed that cardiac output and mean circulatory pressure increased instantly with the onset of muscular exercise in dogs and, by the use of appropriate blocking agents, showed that this phenomenon is the result of increased venous return to the central circulation and decreased peripheral vascular capacity associated with skeletal muscle contraction rather than sympathetic reflex activity. Our results suggest that the early response of DLCO to exercise may be associated with transfer of blood from the pumping legs rather than reflex activity, since the effect observed with passive pumping can be blocked by tourniquet inflation.
The pressure-flow relationships obtaining in the pulmonary capillary bed during this activity are undefined. The results of previous studies, however, suggest that the observed increase in DLCO is not dependent upon any increase in pulmonary capillary flow that may have occurred (1, 5, 6 We believe that the abrupt change in DLCO occurring during the first 10 seconds of passive leg motion and blocked by occlusive thigh cuffs can best be explained on the basis of an abrupt increase in pulmonary blood volume produced by the action of the venous pump. This does not imply that the blood in the legs at the onset of motion is transported to the lungs instantly against the hydrostatic gradient but that, with the onset of the action of the venous pump, peripheral vascular capacity is abruptly decreased and blood is transferred from the systemic to the pulmonary reservoir.
These observations suggest that the maintenance of pulmonary capillary blood volume, like the maintenance of cardiac filling, is dependent upon the degree of filling of the central vascular reservoir, and that in upright postures, the venous pumping action of the legs contributes to this filling.
The small increases in 02 consumption observed in this study are similar to those previously found in experiments using conscious men (35) . Since this increase could not be altered by preventing return of blood from the legs, it is probable that the increase in oxygen consumption observed is dependent upon increased muscular activity in areas other than those being passively moved. Since the tourniquet inflation did, however, block the increase in DLCO, the increased oxygen consumption and increased DLCO of passive motion are probably not related.
Passive motion of the extremities, even with tourniquets stopping flow to or from the affected areas, increases minute volume of ventilation; this has been observed previously (36) . Summary Passive motion of the lower extremities in upright normal men decreases the pressure in the saphenous vein at the ankle and increases breathholding diffusing capacity (DLCO). This effect is present in the first 10 seconds of passive leg motion. Dico does not increase during passive motion of the legs in sitting subjects if the egress of blood from the legs is prevented by the inflation of thigh tourniquets to 250 mm Hg or in supine subjects. This study suggests that a portion of the increase in DLCO that occurs with exercise in an upright position is dependent upon pumping of blood from the exercising part to the lung and is independent of any generalized reflex action. It suggests further that the venous pumping mechanism is one of the determinants of pulmonary capillary filling in upright postures.
